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(54) HIGH STRENGTH NON-HEAT TREATED STEEL FOR STEEL TUBE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high strength non-heat treated steel for steel tube, having toughness and weldability as well 
as sufficient strength and capable of being induction hardened. 

SOLUTION: This high strength non-heat treated steel for steel tube has a composition which consists of, by weight ratio, 0.35-0.45% 
a 0.10-0.80% Si. 1.2-2.0% Mn, <0.035% S, 0.3-0.8% Cr. 0.05-0.30% V, 0.01-0.05% Al. 0.008-0.050% N, and the balance Fe with inevitable 
impurities and in which the carbon equivalent Ceq, represented by Ceq=C+1/7Si+1/5Mn+1/9Cr+1/2V, is regulated to 0.83 to 0.90 and 
also the amount dT of inclusions based on the JIS point counting is regulated to <0.12. 
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* NOTICES * • 

JPO and NCIP) are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By the weight ratio. C:0.35 - 0.45%. Si:0. 10-0.80%. Mn: 1.2-2.0%. S:0.035% or less. CrO.3-0.8%. V:0.05 - 0.30%. aluminum:0.01- 
.0.05%. and N:0.008 - 0.050% are contained. High intensity non-heat-treated steel for steel pipes which the carbon equivalent Ceq 
expressed with C+1/7Si+1/5Mn+1/9Cr+1/2V is 0.83 <=Ceq<=0.90. and the amount dT of inclusion based on JIS point counting is 
dT<=0.12. and is characterized by the remainder consisting of Fe and an unescapable impurity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

• [Field of the Invention] This invention relates to the high intensity non-heat-treated steel for steel pipes which can give necessary 
reinforcement, toughness, weldability, etc., without performing temper processing of hardening annealing etc. in more detail about the 
high intensity non-heat-treated steel for steel pipes used for shafts or cylinders. 

" [0002] 

[Description of the Prior Art] Conventionally, generally the so-called heat treated steel which gave the temper is used for carbon steel 
as seamless steel tubes the shafts used for an industrial vehicle or a construction equipment, and for cylinder rods. This heat treated 
steel is manufactured by performing induction hardening to a required part and forming a hard facing layer in it, after carrying out 
hardening tempering processing of rolled stock or the roughing article and giving necessary reinforcement and necessary toughness. 
[0003] However, in such heat treated steel, since there is un-arranging [ that it is difficult to obtain a homogeneous thing covering an 
overall length or heat treatment cost starts ], after hot rolling or forging, non-heat-treated steel without the need of heat-treating 
hardening annealing etc. is proposed [ that it is various and ], and is put in practical use. 

[0004] For example, in JP,5-202447A while having the reinforcement more than temper material and an EQC using a precipitation- 
hardening operation of V, the matrix potentiation of Mn and Cr. and strengthening and a quantity toughness operation of aluminum, Ti, 
and N, the non-temper high tension seamless steel tubes for cylinders which attained high toughness-ization are proposed. 
[0005] Moreover, it sets to JP,4-358025,A. The manufacture approach of a seamless steel pipe that the toughness of a grain -refining 
organization was excellent by controlling a steel component and hot rolling conditions is proposed, and it sets to JP.8-100214A By 
carrying out atmospheric-air radiationnal cooling of the internal surface of a steel pipe, after carrying out accelerated cooling of the 
outside surface in Myst of water or water mixing, when this accelerated cooling is interrupted and an outside surface also carries out 
atmospheric-air radiationnal cooling, the manufacture approach of a high intensity seamless steel pipe of omitting off-line hardening 
annealing and having obtained desired reinforcement is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the upper limit is prepared in the carbon equivalent (Ceq) which added the 
contribution of each alloy element and arranged it by the thing of a publication to JP.5-202447A tensile strength is restricted 
(882N/mm2 following) and there is a trouble that the demand to the further thinning (lightweight-izing) by aiming at improvement in 
reinforcement cannot be met. 

[0007] On the other hand, it sets to a thing given in JP,4-358025A or JP,8-100214A and is 2 882Ns/mm. Although it is possible to 
obtain the above tensile strength, in order to give abrasion resistance, resistance to scuffing, and high fatigue strength, when 
performing induction hardening to a front face, there is a trouble that the sur^ce hardness demanded as the induction hardening 
cannot be satisfied. Here, although this surface hardness is decided by the amount of C and it is needed 0.35% or more of generally, in 
the thing of these official reports, the upper limit of this amount of C is 0.30%. 

[0008] Although also making the amount of C increase in the thing of the conventional example is considered in order to make it apply 
also to induction hardening, toughness and weldability will fall and it will stop in addition, being suitable for use only by making the 
amount of C increase. 

[0009] This invention is to have toughness and weldability and offer the high intensity non -heat-treated steel for steel pipes in which 
induction hardening is also possible while having sufficient reinforcement (tension strength is 2 882Ns/mm above) for the purpose of 
canceling such a trouble. 
[0010] 

[Means for Solving the Problem and its Function and Effect] In order to attain said purpose, the high intensity non-heat-treated steel 
for steel pipes by this invention By the weight ratio. 0:0.35 - 0.45%. Si:0. 10-0.80%. Mn: 1.2-2.0%. S:0.035% or less. CrO.3-0,8%. V:0.05 - 
0.30%. aluminum:0.01-0.05%. and N:0.008 - 0.050% are contained. The carbon equivalent Oeq expressed with 

C+1/7Si+l/5Mn+1/9Cr^-l/2V is 0.83 <=Ceq<=0.90. and the amount dT of inclusion based on JIS point counting is dT<=0.12. and it is 
characterized by the remainder consisting of Fe and an unescapable impurity. 

[0011] It sets to the conventional non-heat-treated steel for steel pipes, and tension strength is 2 882Ns/mm. Impact resistance value 
2UE20 degree C (impact resistance value in 20 degrees 0 by 2mmU notch Charpy impact test) is 39.2 J/cm2 above. The above is 
satisfied, and there is no steel in which induction hardening is possible, and there was a limitation in the thinning by high-intensity-izing 
of a steel pipe. Moreover, there was a trouble that weldability falls by the increment in hardenability. so that it high-intensity-izes. and 
toughness fell. Then, as a result of examining many things in view of the trouble which these conventional technique has. by limit of the 
above components, a carbon equivalent, and the amount of inclusion, this invention persons have toughness and weldability in 
necessary tension strength, and came to complete the high intensity non-heat-treated steel for steel pipes in which induction 
hardening is also possible. 

[0012] In this invention, the reason for limitation of each component is as follows. 

[0013] In order that 0 may secure induction hardening hardness and reinforcement 0:0.35 to 0.45%. 0.35% or more is needed. However, 
since toughness will fall in connection with it if many [ too ], let 0.45% be an upper limit 



http://www4jpdl.ncipi.go jp/cgi-bin/tran^web^cgi.eije 



2006/09/07 



JP.10-324946.A [DETAILED DESCRIPTION] 



2/3 



[0014] Si: It is the element dissolved and strengthened in a ferrite 0.10 to 0.80% while Si is the deoxidation material at the time of an 
ingot it is added in order to secure reinforcement and at less than 0,10%, the effectiveness runs short, and since toughness will be 
degraded on the contrary if many [ too ]. make an upper limit into 0.80%. 

[0015] Mn: It is the element dissolved and strengthened in a ferrite 1.2 to 2.0% while Mn is the deoxidation material at the time of an 
ingot like Si, and in order to secure reinforcement (especially yield strength), need 1.2% or more. However, since toughness will 
deteriorate if many [ too ]. let 2.0% be an upper limit. 

[0016] Since a fall and mechanical property of hot-working nature, and weldability deteriorate, S:0.035%or less S makes an upper limit 
0.035%. 

[0017] Cr: Although 0.3-0.8%Cr is an element required to dissolve in a ferrite like Mn and secure reinforcement it needs 0.3% or more 
for demonstrating the effectiveness. However, since the effectiveness will be saturated and will serve as a cost rise if many [ too ], let 
0.8% be an upper limit 

[0018] V:0,05 - 0.30%V is an element important for depositing detailed carbon nitride and securing reinforcement, and runs short of the 
operation at less than 0.05%. Even if it adds so much, the effectiveness is saturated, and since it serves as a cost rise, it makes 0.30% 
an upper limit. 

^[0019] aluminum: 0.01 - 0.05%aluminum is required to prevent the coarsening prevention at the time of combining with N. generating 
AIN and rolling out to an element tube with heat continuation punching rolling especially, and coarsening at the time of making it reheat 
for the deformation resistance reduction at the time of finishing rolling while being the deoxidation material at the time of an ingot like 
Mn and Si. If there is less aluminum than 0.01%, the above-mentioned effectiveness is not expectable, and since inclusion will be 
generated and it will have a bad influence on a mechanical property if it adds so much, an upper limit is made into 0.05%. 
[0020] N:0.008 - 0.050%N combines with aluminum, generates AIN, is an indispensable element and needs 0.008% or more for coarsening 
prevention. However, if it adds so much, since hot-working nature and a mechanical property will be degraded, let 0.050% be an upper 
limit. 

[0021] It adds to limitation of the component shown more than [ it was expressed with C+1/7Si+1/5Mn+l/9Cr+1/2V ] carbon 
equivalent Ceq:0.83 <=Ceq<=0.90, and is 2 882Ns/mm in tension strength. In order to realize, the carbon equivalent Ceq given by the 
above-mentioned formula is restricted to 0.83 or more. However, since toughness falls and weldability also deteriorates so that this 
carbon equivalent Ceq is made to increase, an upper limit is set to 0.90. 

[0022] Since weldability will fall to it if inclusion increases in number in the amount dT:dTof inclusion <=0.12 pan based on JIS point 
counting, this amount dT of inclusion is restricted to it 0.12 or less. 

[0023] This invention is applicable also to the application which can attain lightweight-ization by thinning and performs induction 
hardening while high-intensity-izing the conventional non-heat^eated steel for steel pipes. Namely, tension strength = it is 2 
882Ns/mm. It is impact resistance value 2UE20 degree-C=39.2 J/cm2 above. Since weldability is securable while satisfying the above, 
rt is outstanding invention to say of having the surface hardness which can aim at targe lightweight-izing and a targe cost cut and is 
moreover demanded as induction hardening by hollow-izing a steel bar as well as the thinning of the conventional steel pipe. 
[0024] 

[Example] Next it is made to contrast with the example of a comparison, and the concrete example of the high intensity non-heat- 
treated steel for steel pipes by this invention is explained. 

[0025] It of steel ingots which consist of chemistry and a presentation shown in the numbers 1-12 of Table 1 was ingoted, and cogging 
was carried out to path phi140mm slab. Subsequently, after heating these stab at 1180 degrees C, punching rolling was carried out so 
that it might be set to outer-diameter phi138mmx25mm with a piercing mill, the mandrel bar was inserted and extension rolling was 
carried out with the Tran Subaru elongator at outer-diameter phi121mmx19mm. Then, soak was carried out to 980 degrees C with the 
reheating furnace, the sinking mill and the sizer performed the outer-diameter squeezing pressure total to phi105mmx20mm. air cooling 
was carried out. and the tubing material was obtained. 
[0026] 

[Table 1] 
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dT 
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0.40 


0.25 


150 


0.01 B 


050 


0.10 


0.020 


114 


0.84 


0.104 
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0.45 


0.30 


1.32 


0.015 


0.33 


0.15 


0.040 


123 


0.87 


0.092 
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0.36 


0.40 


1.25 


OJ009 


0.40 


0.25 


0.018 


101 


0JB4 


0.078 
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0.40 


0.2B 


1.48 


0.032 


050 


0.10 


0.034 


114 


0.84 


0.116 
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0.36 


0.24 


1.80 


0.012 


0.48 


0.11 


0.018 


108 


0.86 


0.088 
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0.39 


0.22 


1.28 


0.005 


0.14 


0.06 


0.012 


133 


0.72 


0.067 
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0.41 


0.35 


1.70 


0.019 


0.4B 


0.11 


0.011 


88 


0.91 


0.099 
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0.25 


1.55 


0.039 


050 


0.10 


0.022 


118 


0.86 


0.122 
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0.4? 


0,33 
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033 


0.11 


0.028 
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0.85 


Oi)91 
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0.41 


0.82 


1.34 


0.011 
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0.05 


0X)15 


139 


0.85 
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0.35 


0.12 


2.05 


0.018 


0.41 


0.05 


0.032 


142 


0.85 


0.101 




12 


€.39 


0.21 


1.50 


0.007 


0.7B 


0.13 


0.008 


66 


0^7 


0.072 



[0027] In addition, in this table 1, numbers 1-5 are the steel of the example of this invention, and numbers 6-12 are the steel of the 
example of a comparison. The number 6 runs short of carbon equivalents Ceq to 0.83. and. as for the number 7. the carbon equivalent 
Ceq is over 0.90. Moreover, a number 8 has more amounts dT of inclusion than 0.12. Furthermore. C. Si. and Mn of numbers 9. 10. and 
11 are beyond upper limits, respectively, aluminum and N of a number 12 are below minimums. 

[0028] In these tubing materials, it examined to a rolling direction and parallel by beginning to shave the piece of a tensile test (JIS No. 
4), and a test piece for Charpy impact test (JIS No. 3). Moreover, as shown in drawing 1 , weld cracking when welding to the 
components 1 which have cavernous la inside was investigated. This component 1 comes to weld the test specimen (tubing material) 2 
prepared in a center section, and the welding partner material 3 and 3 prepared in the both sides of that test specimen 2 by wetd zones 
5 and 5 through back-up rings 4 and 4. and investigated weld cracking of the weld zones 5 and 5 in this component 1. As a welding 
condition, they were welding current 190A, welding electrical-potential-difference 28V. and speed-of-travel 0.6rpm. This test result is 
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shown in Table i. In addition, an air bleed hole is shown by sign lb in drawing 1 . 

:0029] 

[Table 2] 
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OK 
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eo.2 


OK 
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50.3 


OK 
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61.3 


OK 
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55D 


OK 
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a3J9 


NG 
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938 


495 


NG 
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989 


38.7 


OK 


10 


970 


34.4 


OK 


11 


943 


36.2 


OK 


12 


999 


38.8 


OK 



[0030] For all of the thing of numbers 1-5, tension strength is 2 882Ns/mm so that clearly from this table 2. Impact resistance value 
2UE20 degree C is 39.2 J/cm2 above. The above is satisfied and weld cracking has not happened, either. On the other hand, although it 
is satisfied with the thing of a number 6 of the impact resistance value, since carbon equivalents Ceq run short to 0.83« in it, it is in 
desired tension strength. Since, as for the thing of a number 7. the carbon equivalent Ceq is over 0.90, although tension strength is 
satisfied, the impact resistance value is less than desired value, and weld cracking has also happened. Moreover, although the thing of a 
number 8 reached in tension strength and the impact resistance value is satisfied, since there is much inclusion, weld cracking has 
happened. Although the thing of numbers 9-12 reached in tension strength and weldability is satisfied, the impact resistance value is 
not satisfied. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the sectional view of the test piece for performing a weld cracking test 
"[Description of Notations] 

1 Components 
la Cavity 

*1b Air bleed hole 

2 Tubing Material (Test Specimen) 

3 Welding Partner Material 

4 Back-up Ring 

5 Weld Zone 



[Translation done.] 



http:/ /www4.ipdl.ncipi.go.jp/ cgi-bin/tran,web_cgi_ejje 



2006/09/07 



(19)H*B4«flFfi' (JP) 



02) i2t 1^ 11= ^ « (A) 



JNr^¥10-324946 
(43)^H ^mo^iiyasnzHSB 



(5i)int.a' mm^ f i 

C 2 2 C 38/00 3 0 1 C 2 2 C 38/00 3 0 1 A 

3 0 1 Z 

C 2 1 D 8/10 C 2 1 D 8/10 B 

C 2 2 C 38/38 C 2 2 C 38/38 



m^m^ M*]B©SC1 OL 5 H) 





1«B¥9- 137194 


(TDUBA 


000001238 










(22)tfUaB 


¥dt9¥(1997)5fl27B 




mj^«(^K3S^=TS 3 # 6 ^ 






(TDfflSSA 


000180070 
















:&i«iiiyieKmtiiiSE>t>s^-:st^oo7«flb 






(72) 
























(72)5IW« 


mm 








^miEKrft«i»K+a^-^:^oo7#« 














(74)«31A 













(54) [3g?|cO«»] 



(57) 

C:0. 3 5^0. 45%. Si:0. 10 --0. 80 
%. Mn : 1. 2-'2. 0%. S : 0. 0 3 S%&Cf. 
Cr:0. 3-0. 8%. V:0. 05-0. 30%. 
Al:0. 01-0. 05%. N:0. 00 8-0. 0 
5 0%*^WL. C + 1/7 S i + l/5Mn + 1/9 
Cr+ l/2Vt:'S$tl^jR^^SCeo?&^0. 8 3^C 

e«^o. 9or^D. J I s«^.©r£ccS-:5</rffi^Md 
T/^idT^O. 1 2r^0. ^auj&^F efc<i:(:;^:^pJig^ 



Cii*^ 1 } aStt-C, C:0. 35-0. 45%. 
Si:0. 10-0. 80%. Mn: 1. 2-2. 0 
%. S : 0. 0 3 5%«T. Cr:0. 3-0. 8%. 
V:0. 05-0. 30%. Al :0. 01-0. 05 
%. N:0. 008-0. 0 5 C + 1 / 

7Si + l/5Mn+l/9Cr + 1/2 V-C^Sn^. 
^SfiC..A50. 83SC.,S0. 90-C*f), J I 

s^^a^cS-:^</^^^iB5gdT*3dTgo. i2-c* 
«). ^|J*iFe*jJ:Of:F5Ijg:T:«^J;«3Aj:SC<!:4#St 

[0001} 
[0002] 

^rJgfiKr S C i CCJ; 9 isf^snso 
[0 00 3] <tc5*i. c:©j:^j^cl8asi«:*jc»-c«. 

[0004] t^Atmra^S - 2 0 2 4 4 7 ^<&«JK*5 
C^riJ, V©fiTmi«!<tf'Fffl<bMn. C r h i^x 

®^b<^ffltej:o'A I . T i . NcD^^b • Mmm'^m^m 

[ 0 0 0 5 ] Ui^c. #^¥4 - 3 5 8 0 2 5-^<aigK*} 

i-^rtt. gifi£^>teJ:(yf«iraBE5i^f?^**iJiaJt-Sc:<!:{cj: 
^*itKesn, $fc#^^8 - 1 0 0 2 1 4#<2;$a(C*j 

[0006] 

5-20244 7#4^Kfa«804>©-C», S^^^ 



(2) ^$ia¥ 10-324946 

2 

o^^m^s-L-^iD^txmmLfcBm^m. (c) (c± 

8 2N/mm' WT) , C iJCJ:^® 

[0007] ^ea^4-3 58 0 2 5-^iifRfcL 
< B1^¥8 - 1 0 0 2 1 4#4^{Cfa«©4>©«:tei,» 

T«, 8 8 2N/mm' W±©?l?50^^??SCiAS 

SttCa-C^Sf). -JJSfi^CCliO. 3 5%«±*iji:^<i: 

3ns*>©-e*5*«. cne)4)^«©fc©■c«. c:©cfi 

©±|5gAiO. 3 0%i^j:-5-Cl,^-6. 

[0008] ^c*5. wjgjgiiAnK:feiaffl3-tt.s/c«) 
K. SE*pii©^©tc4si,>Tca%i§tjn3-a--5.cit.#A 

20 [0009] 3|s:^H^«. c © J: ^ tmm.^.^imt^ C 

i=S:a6^iL/r, +:»^c^S (?l5S*3 5i3*S8 8 2 N/ 
[0010] 

[^li«:^i^-r-5fcist)©#a*J.i:J>'('Pffl • «&*] Bifiaa 

afitb-C. C:0. 35-0. 45%, Si: 
0. 10 — 0. 80%. Mn:l. 2-2. 0%. S: 
30 0. 0 3 5%fe(T. Cr:0. 3-0. 8%. V:0. 
05-0. 30%, A1:0. 01-0. 05%. N: 
0. 008-0. 0 50%*^Wl/. 0+1/731 + 
l/5Mn+ 1/9C r+ 1 /2 VT^SiaSrelRSS 
C.,*50. 8 3 SC..^0. 2 J 1 S.-Smjf 

tcS-:5</?-«E!e5adT*SdT^0. 1 2 "C*) 0 , ^§{5*5 
F e 43 J: iy::f^ig:T^«1?J J: 0 -S C i i T ^ © 

[0 0 1 1 ] S£*©^'^ffl^wa®^{cfei^r, ?i!gf)% 

§AS8 8 2N/mm' S5Sfii,.E,.'C (2mmU 

40 y 5^-> t il^ t-aSSs^tC J: 5 2 0 •Cr©aS55fii) *J 

3 9. 2 J /cm' jy±^<ilSL, *^oii5^igj^An*s 

•f)i$>-,fc. */c. iS?^afb-rsa4-«£Antt©it*ntcj: 

50 -0$)^. 



3 

[0012] ^^ic^i.^x&fSL^(oimmA^r^x<ot 

[0 0 1 3 ] C : 0. 3 5-0. 4 5% 
[0014]Si:0. 1 0--0. 8 0% 

mimsti. 0. I o%^mvu<:co^^f)i:^SiV. 

[0 0 1 5 ] Mn : 1 . 2-2. 0% 
[0016} S:0. 035 %\^AT 

^tr^<Dx±m^o. 0 3 5%tr^. 

[0 0 1 7 ] C r : 0. 3-0. 8% 

mm^mmL. a>f.hryy'trj:^tci^o. 8%^±m 

[0018]V:0. 05-0. 3 0% 

mfj:7iMX^^. 0. 0 5 %*«S'C«^(D{^ffl30^^S-r 

trj:hCtt^P>0. 3 0%^±|Jg<hf -So 
[0019}A1:0. 01-0. 0 5% 

A 1 Mn^cKcf s i tmm^c^m<Dmmix$>h 
mis^^cxmm^EMrh^cDi^^Pu^mximitt . 
¥^mv^it^m±rh(D{c>smxh^^ A\t^o, 0 1 
tftm^^^hxmm^t,cmmm^m^r<Dx}L 

Ifg^O. 05%iT'So 
[0 020]N:0. 00 8-0. 0 50% 



C3) 10-324946 

4 

N». A 1 iife^Lr A I N^*^LrMS*4ffi:Acibi» 

ihCCii^>?H07cm-C*>D. 0. 0 0 8%«±^fi^^<bT 

»ttH=g:3efb3^'5(Dr0. 0 5 0%^±Kir'5>e 
[002nc+l/7Si+l/5Mn+l/9Cr 
+ 1/2 VT'^Sn^^^fiC.c : 0. 8 3^C.,^ 
0. 90 

W±^^U/c^^l!gStcm. gi5S»3?»38 8 2N/ 

10 „^o. 8 3jy±tc$fM-r'5o ccDj^^ac 

^COt'. ±|5M^0. 9 Ocbr^o 
[002 2 ] J I S^M&^cm-^<ifmhm.di: : dT 
^0. 12 

<D/rfiEiaa d T ^ 0 . 12 i^Tf^cmmr^. 
[0 02 3] :^mmu. m^m'^m^mmm^mim 

x^. ^^^-oisa^An^tf ^^^cc^iSfflDjfgr^ 

20 ^„ -r^cCtD^. §l5i«D^$ = 8 8 2N/mm^ Ja±. » 
^fii,«E,o''C=3 9. 2 J /cm' lcl±^m&tht^ 

m(rcmm\^^m{^'r^ct^^x^^(Dx. m^cDm'so) 

mmitt::i:^h^^>t^m^Ctti^X^. Li)^i>^m 

^ A n t L r 3 n -5 ^ffi gg 3 ^ wr e <t t ^ ^ I ^ ^ 
mtifcmnx^^. 

[0 02 4] 

30 [0 02 5 1^1 (Omn 1-12 CCTnSn-^^b^ • ffi^ 

i^Lfc. ;xt>t:\ cn6il>t^i i 8 o-cccflnl^o/c 

f^. fre>>^^;U&cr51'S(^ 1 3 8mniX2 5mm(C 

>;^yN';Uxa>y— tC-C^1'S<^> 1 2 1 mmX 1 9 m 
m(,cm^EMLtc. CCO^k. nmP^CX 9 8 O^Ci^i^m 
L/T^'> + >^5;l/*>J:0*1^-/1f-CC<}:i9 <^ 1 0 5mm 
X2 OmmtCil^SlgfDIB^^tf oT^j^L. 

/Co 

40 [0026] 
[^1] 



C4) 



!f$B3¥ 10-324946 
6 









ft 






(wt %. N : Dom) 












C 


Si 


Mn 


S 


Cr 


V 


Al 


N 


Ceq 


dT 




1 


0.40 


0,25 


1.50 


0,01 B 


0.50 


0.10 


0.020 


114 


0.84 


0.104 




2 


0.45 


0.30 


1.32 


O.015 


0.33 


0.15 


0.040 


123 


0.87 


0.092 




3 


036 


0.40 


1.25 


OjOOQ 


0.40 


0.25 


0.016 


101 


054 


0.078 


4 


0.40 


0.28 


1.4a 


0.032 


0.50 


0.10 


0.034 


114 


0.84 


0.116 




5 


0.36 


0.24 


1 80 


OJ012 


0.48 


0.11 


0.018 


108 


0.86 


0.OS8 




6 


0.39 


OJZZ 


1.28 


0^X>5 


0.14 


0.06 


0.012 


133 


0.72 


0.067 
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0.41 


0J5 


1.70 


0.019 


0.4B 


0.11 


0.011 


88 


0.91 


0.099 
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1.55 


0.039 
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0.1 0 


0.022 


118 


0.8G 


0.122 
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0.47 


0^3 


1.23 


0-015 


0.33 


0.11 


0.026 


128 


0.85 


0.091 


10 


0.41 


0.82 


1.34 


0.011 


0.31 


0.05 


0.015 


139 


0.85 


0.086 
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0.35 


0.12 


2Ji5 


0X518 


0.41 


0.05 


0.032 


142 


0.85 


0.101 
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0^1 
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0.00? 


0.78 
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0.87 


0.072 
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S48 


56.B 


OK 
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993 


49.2 


OK 




3 


985 


60.2 


OK 


4 


938 


50.3 


OK 




5 


1004 


61.3 


OK 




6 


853 


55j0 


OK 




7 


1087 


33.9 


NG 




8 


938 


495 


NG 




9 


989 


38.7 


OK 




10 


970 


34.4 


OK 




11 


943 


38.2 


OK 




12 


999 


38.8 


OK 
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